INTRODUCTION
Increasing developments of industrial activities near coastal areas have caused more concerns regarding risks to human health resulting of environmental pollution as well as seafood contamination (Shreadah et al., 2006a & b; Younis & Nafea 2012; Younis et al., 2014; El Zokm et al., 2015; Okbah et al., 2015; Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous environmental organic contaminants. PAHs are well recognized for carcinogenic and mutagenic effects. PAHs are relatively water insoluble and highly lipophilic. Therefore, they can easily accumulate in fatty tissues of many marine species. Sources of PAHs could be anthropogenic or natural mainly because of incomplete combustion of petroleum as well as fossil fuel (Liang et al. 2007) Suez Gulf was known to be one of the most important fishery grounds in Egypt. It is extends for about 250 km from Suez city in the north to Shadwan island in the south and it is relatively shallow with a mean depth of about 45 m while its width fluctuates between 20 and 40 km. As we know, fish are the most important aquatic products of Suez gulf cities. Lovers of seafood from all walks of life can be found surfing through the colorful variety of meat that offered from Red Sea (Said et al. 2006; Younis et al., 2015) . In the recent years, the Egyptian government has constructed many projects around the northwestern of Suez gulf area through the planning of development for future economic (Snousy et al., 2016) . These projects such as petroleum refining industries, shipyard, marinas, power stations, fertilizer, chemical industries, pipelines and establish the commercial harbors close to the industrial zone. Therefore, the Gulf of Suez coastal water exposed daily to high loads of oil wastes as well as various other anthropogenic discharges from the surrounding industrial areas (Nemr et al., 2006; Snousy et al., 2016) .
Fish is an important source for protein, vitamins and unsaturated fatty acids. It is estimated that by 2020, the consumption of fish in some developing countries will rise by about 57% (Delgado et al. 2003) . This high request for fish needs a sustainable supply of fish products. However, bad practices such as overfishing, discharge of agricultural and industrial waste in lakes and oceans not only decreases the fish stock but also leads to a health hazard due to consumption of contaminated fish. The determination of PAHs in different fish species can give useful information about quality of food supply. Therefore, regular monitoring of PAHs in fish and their environment is highly recommended. In this study the level of 16 priority pollutants PAHs recommended by U.S. EPA were determined in surface sediments and eleven fish species to assess the extent, distribution and source of PAHs contamination in the gulf of Suez.
MATERIALS AND METHODS

Sediments samples
Sediment samples were collected from ten stations; (I) Adabia (II) El-Sokhna (III) Zafrana (IV) Ras Gharib (V) Ras Shokar (VI) Jemsha (VII) Eion Mousa (VIII) Ras Sader (IX) Hamamat Pharons (X) Abu Zanima by van deer grab. Dried samples (10-20 g) were extracted in a Soxhlet-apparatus with dichloromethane. The cycle of siphonation was around 30 min with repetition for at least 10 times. As the process of soxhlet extraction was completed, the solvent was evaporated to about 1 ml using the rotary evaporator. Activated copper powder was used to remove sulfur compounds from the extract (UNEP, 1991).
The final extracted volume (1 ml) of sediment were injected in the Gas chromatography (Hewlett Packard, 5890 series II), with a capillary column, (25m length x 0.2 mm i.d x 0.5 µm thickness), Ultra-1, coated with 100% dimethyl polysiloxane; non-polar. Nitrogen gas was used as the carrier gas at 4 ml/min flow rate. The temperature-programming rate was anthracene, benzo (ghi) perylene and indeno (1,2,3-cd) pyrene)] each of which has a concentration of 10 ppm dissolved in n-hexane. An identified number of each organism species were collected and the filet of each fish was homogenized to obtain a representative sample for each species of fish before the analysis. Fish muscle was obtained after cleaning the fish with ethanol, and removing the skin. The samples were analyzed for polycyclic aromatic hydrocarbons according to USEPA (1994) .
Extraction and cleanup
All chemicals used for gas chromatographic analyses were chromatography grade and purchased from Merck. Exactly 10 g of fish muscle from each sample was treated with 2 g of anhydrous sodium sulfate and the mixture was blended at high speed for 5 min. Then the mixture was extracted with 250 ml of n-hexane in a soxhlet extractor for 8 h and then re-extracted for 8 h into 250 ml of methylene chloride. The mixture was filtered and the tissue was extracted twice more. Organic solvent fractions were combined and filtered through filter paper with 1 g anhydrous sodium sulfate and concentrated down using a rotary evaporator at 30 o C. The extract was transferred to a round bottom flask, then was saponified the lipids, using dark glass vials, with 10 mL of 1 M KOH in an ethanol solution for 3 h.
Clean-up was an fractionation achieved by flowing the concentrated extract through alumina/silica column. Aromatic hydrocarbons were eluted with 30 ml of a mixture of methylene chloride and n-hexane (50:50) (v/v). The volume of the eluted fraction was reduced to a volume of 1 ml by concentration under a gentle stream of nitrogen and analyzed by a gas liquid chromatography equipped with a flame ionization detector GC/FID.
Analytical Quality Controls
In order to study the assure recovery efficiency, three analyses were conducted on PAH standard reference materials (SRM 2974) provided by national institute of standards and technology (NIST, USA). Recovery studies showed that the efficiency ranged from 90 to 105% with a coefficient of variation (CV) of 6-10% for all 16 PAHs.
The quality assurance was also carried out by analyzing blanks sample spiked with known quantity of each PAHs standard. The values of PAHs in the blanks samples were below the detection of the instrument (0.01 µg/ml).
Apparatus
The examined samples were measured using a Hewlett Packard 5890 series II GC equipped with a flame ionization detector (FID). The apparatus is equipped with splitless injector (3μl). The detector maintained at 300 Total average values of Σ16 individual PAHs concentrations in sediments samples ranged from (1667.02-2671.27ng/g). The maximum concentration (2671.27ng/g) was noticed at stationVII. In contrast, the minimum concentration (1667.02ng/g) was noticed at location III (Table 1) .
RESULTS AND DISCUSSION
Hydrocarbons in sediment samples
The highest concentrations along the gulf of Suez were recorded at stations IV (Ras Gharib), VII (Aion Mousa) and X (Abu Zanima) respectively. This observation may be due to heavy shipment of oil tanker and oil drilling activities concentrated at Suez Gulf. Acenaphthyle, acenaphthene, fluorene, anthracene, phenanthrene, pyrene, chrysene, benzo (b) fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene and dibenzo (a,h) anthracene not directed in the area during 2016. The concentrations of PAHs in sediment have been previously classified as low, moderate, high and very high contaminated (0-100, 100-1000, 1000-5000, >5000 ng/ g (Baumard et al., 1998) . The levels of PAHs in exanimated sediments of the present study ranged between 1667.02 and 2671.27ng/ g therefore, the surface sediments of Suez gulf can be classified from moderate high contaminated.
The pattern of PAHs based on number of aromatic rings shows four rings as the predominance in all examined sediments (Table 3) . These results are significantly lower than those reported by Wang et al. (2001) for Boston Harbor, United States and La Rocca et al. (1996) for Venice, Italy. However, the results of the present study are also close to the concentrations in the Hellenic coastal zone, eastern Mediterranean ( Botsou & Hatzianestis, 2011) . A significant correlation was found in the present study between total organic matter (TOM), grain size and PAHs.This observation confirms that TOM and grain size play the most important role in the behaviour of PAHs distribution in the sediment (Nudi et al., 2007; Mostafa et al., 2009 ) .
Moreover, significant correlation was found in the present study between clay sediments and PAHs (ΣLMW+ ΣHMW), the same occurred to water content (WC) ( Table 2) . Actually, there is a great affinity between the levels of low molecular weight PAHs and organic matter whether it's autochthonous organic matter from living origin or allochthonous organic matter from terrestrial origin. 
Hydrocarbons in fish samples
Results for PAHs analysis in the eleven fish species are summarized in Table 5 . The distribution of PAHs studied shows different patterns for the eleven species studied. The total concentration of the PAHs varies in the range of 621.92 to 4207.56 ng/g wet weight ( Table 1 ). The fish species Stephanolepis diaspros showed the lowest concentration 621.29 ng/g, while the highest (4207.56 ng/g) was found in Saurida undosquamis species. The percent distribution of PAHs based on number of aromatic rings indicated the predominance of four rings PAHs in all studied species except with Sphyraena chrysotaenia species where the five membered rings prevailed (Table 6 ). Among the different components of PAHs, fluoranthene was the most abundant one with the highest value found in Liza subviridis (1932.05 ng/g) and lowest value found in Upeneus japonicus (254.66 ng/g), with stark contrast found in species Sphyraena Chrysotaenia and Saurida undosquamis where dibenzo (a,h) anthracene was the highest PAHs with concentrations 1364.56 ng/g and 1796.83 ng/g respectively. Generally the HPAHs were highly prevail compared with LPAHs. This finding is consistent with that reported by Nwaichi and Ntorgbo(2016) for PAHs assessment in some fish and seafood from Niger Delta. Depuration or biotransformation may be the cause of the absence of some PAHs (Deb et al. 2000) . These concentrations seem higher than that reported by Malik et al. (2008) (0.207-3 .365 ppm) and those reported for fish muscles from Pearl river delta (49.59 ng/g wet wt; Kong et al., 2005) and Red Sea fish (12.29 ng/g wet wt; DouAbul et al., 1997) , where the authors found high concentration of LPAHs. However, comparing the PAHs concentration between different studies is limited by several variables, such as the methodology used, number of samples taken, biological variability (age, diet, size) and environmental parameters (Meador et al.,1995; Vives et al., 2004) . PAHs composition and sources.
The most important sources of PAHs in the marine environment are either petrogenic or pyrogenic. Petrogenic source comes from natural seep of petroleum or petroleum products into the environment, while pyrogenic comes from incomplete combustion of fossil fuels. (Neff 1979; Brown 2002) . Several studies have used various PAHs concentration diagnostic ratios to study the source of PAHs (Hoffman et al. 1984; Brown and Peake 2006) . For example, the low molecular weight PAHs (LPAHs)/high molecular weight(HPAHs) ratio. The LPAHs include two to three rings while the HPAHs contain four to six rings and are highly carcinogenic. With LPAHs/HPAHs 1 indicates petrogenic while more than one indicates pyrogenic (Zhang et al., 2008) . In our result for all stations as well as the eleven species we found the ratios are less than one which is suggested a pyrogenic origin (Table 7) . Several authors used the ratios of individual PAHs levels for identification the source of these concentrations (Kavouras et al., 2001; Katsayiannis et al., 2007; Kim et al., 2008) . Sicre et al. (1987) indicated that fluorancene/pyrene (FLA/PYR)1 suggested petrogenic origin, while higher than one refers to pyrolytic source. Table 6 shows FLA/PYR ratios for the analyzed species, all detectable values were higher than 1 indicated pyrolytic origin. More significant diagnostic ratios applied to the present results were PHE/ANT, with PHE/ANT10 indicates petrogenic and lower than 10 indicates pyrogenic source, Budzinski et al. (1997) . The PHE/ANT ratios for our samples were all less than 10 again suggested pyrogenic source. Moreover, ANT/(ANT+PHE) diagnostic ratio suggested pyrogenic origin with value 0.1 indicate petrogenic source while values higher than 0.1 suggest pyrogenic (Pies et al. 2008) . The values of ANT/(ANT+PHE) for species Parupeneus forsskali, Lethrinusn ebulosus Epinephelus areolatu and Sphyraena chrysotaenia were 0.505, 0.799, 0.281 and 0.598 respectively which confirm pyrogenic origin. BaA/ (BaA+CHR) ratio has been implemented to identify the source of PAHs with values higher than 0.35 indicating combustion source and less than 0.2 indicating petrogenic (Ynker et al., 2002; Akyüz and Çabuk, 2010) .
Two more diagnostic ratios were used in this study FLA/(FLA+PYR) and IcdP/(IcdP+BghiP). The former with ratio 0.4 for petrogenic, 0.4-0.5 fossil fuel combustion and 0.5 for wood and coal combustion (De La Torre-Roche et al. 2009 ). While the later with ration 0.2 indicating petrogenic, 0.2-0.5 petroleum combustion and 0.5 for wood and coal combustion (Yunker et al., 2002) . 
CONCLUSION
In this study, 16 polycyclic aromatic hydrocarbons (PAHs) were tested in ten samples of surface sediment as well as eleven fish species collected from Suez gulf. The result indicated the total average levels in sediments samples ranged from 1667.02 to 2671.27ng/g. The results for PAHs analysis in the eleven fish species showed the predominance of PAHs with high molecular weight (4-6 rings). The smallest total PAHs found in Stephanolepis diaspros (621.9 ng/g), while the highest found in Saurida undosquamis (4207.5ng/g ). The identification of the source based on the results obtained from several diagnostic ratios suggested pyrogenic source for PAHs in the studied fish. This study provides useful information about the extent and source of PAHs pollutants in different fish species from the Gulf of Suez, which will be helpful for future comparison. 
